Marine dinoflagellates are a rich source of secondary metabolites with unique structures and interesting biological activities. Amphidinolides are a series of macrolides obtained from marine dinoflagellates of the genus Amphidinium, which are symbionts of the Okinawan marine acoel flatworms Amphiscolops spp.
1) Amphidinolides B [2] [3] [4] [5] (1) and H 6,7) (2) (Chart 1) are both 26-membered macrolides first isolated from strains Y-5 and Y-25, respectively, of the dinoflagellate. Their structures including the absolute stereochemistry are similar to each other, and the only different point is the position of a hydroxyl group, which is attached to C-16 in 1, while it is on C-26 in 2. Previously we have reported biosynthetic studies of amphidinolide H (2) using strain Y-72 of the genus Amphidinium, which produces a relatively large amount of 2.
8) The incorporation patterns obtained by feeding experiments with 13 C-labeled acetates suggested that 2 was generated from three unusual C 2 units derived only from C-2 of acetates in addition to three successive polyketide chains. However, biosynthesis of amphidinolide B (1) remained to be investigated. Recently a strain Y-71 of the genus Amphidinium was revealed to produce a relatively large amount of amphidinolide B (1), and acetate incorporation patterns of amphidinolide B (1) were investigated using the Y-71 strain to find that the incorporation patterns were different from those of amphidinolide H (2).
The dinoflagellate Amphidinium sp. (strain Y-71) was cultured in a 50 l nutrient-enriched seawater medium, and feeding experiments were carried out with [1- 13 C], [2-13 C], and [1,2-13 C 2 ] sodium acetates. In the feeding experiments, the dinoflagellate was supplemented with 610 mM of labeled precursors in one portion at 7 d after inoculation, and then the culture was harvested by centrifugation after 14 d. In each case the methanol-toluene extracts of the harvested cells were purified on a silica gel column followed by C 18 HPLC to afford 13 C-labeled amphidinolide B (1) in 0.0015% yield on average from the wet weight of the cells.
Assignments of 13 C-NMR signals and isotope incorporation results of amphidinolide B (1) are presented in Table 1 . The 13 C-NMR spectrum (CDCl 3 ) of 1 derived from [1-13 C] sodium acetate showed significant enrichment of 10 carbons (C-3, C-5, C-7, C-9, C-11, C-13, C-16, C-18, C-23, C-25). On the other hand, enrichment by [2- 13 C] sodium acetate was observed for 22 carbons (C-1, C-2, C-4, C-6, C-8, C-10, C-12, C-14, C-15, C-17, C-19, C-20, C-21, C-22, C-24, C-26, C-27, C-28, C-29, C-30, C-31, C-32). The 13 C-
13
C correlations observed in the (Incredible Natural Abundance Double Quantum Transfer Experiment) spectra of 1 labeled with [1,2-13 C 2 ] sodium acetate showed that 10 acetate units were directly incorporated for C-3/C-4, C-5/C-6, C-7/C-8, C-9/C-10, C-11/C-12, C-13/C-14, C-16/C-17, C-18/C-19, C-23/C-24, and C-25/C-26 (Fig. 1) . Two irregular labeling patterns derived only from C-2 of acetates were observed for C-1-C-2 (m-m) and C-20-C-22 (m-m-m), and an isolated C 1 unit from C-2 of acetates was observed for C-15. Six C 1 branches of C-27, C-28, C-29, C-30, C-31, and C-32 were all derived from C-2 of acetates, in which the carbonyl carbons were lost. Three portions of C-3-C-14, C-16-C-19, and C-23-C-26 were likely classical polyketide chains derived from six, two, and two acetate units, respectively.
On the other hand, the incorporation patterns of amphidinolide H (2) (Fig. 1) have been reported to be generated from three successive polyketide chains and three unusual "m-m" units derived only from C-2 of acetates.
8 10) However, the vicinally located one-carbon branches of amphidinolides C 11) and H 8) (2) were labeled as "m(m)-m(m)". Though the unusual labeling patterns such as "m-m" in 1 and 2 may be explained by the Favorski-type or TiffeneauDemjanov reaction proposed by Wright et al. 12) or Rawlings, 13) respectively, experimental evidences seem to be essential for its application.
Experimental
General Methods The NMR samples of 13 C-labeled 1 were prepared in 2.5 mm micro cells for CDCl 3 (Shigemi Co., Ltd., Japan) by dissolving 2.5 mg each in 99.98% CDCl 3 100 ml, while for the sample of unlabeled 1, 8 mg in 99.98% CDCl 3 100 ml was used. All 13 C-NMR spectra were recorded using the pulse sequence 'zgpg' on a Bruker AMX-600 spectrometer, sweep widths were 35700 Hz, and numbers of scans were 8000. INADE-QUATE spectra were obtained by a Bruker 'inadsy' pulse sequence. The repetition delay and the delay for creating antiphase C-C magnetization (1/2J CC ) were 2.0 s and 11.4 ms, respectively. The F 1 and F 2 spectral widths were both 25000 Hz. For each 256 t 1 increments, 32 transients (with four dummy scans) were accumulated in 2K data points. Zero-filling to 512 points for F 1 and multiplication with unshifted sine-bell windows were performed in both dimensions prior to two-dimensional Fourier transformation. The resulting data matrix was 2Kϫ512. The total measuring time was ca. 10 h.
General Feeding Experiments of 13 
C-Labeled Precursors
The dinoflagellate cultured in a 50 l nutrient-enriched seawater medium was supplemented with [1-
C 2 ] sodium acetate (610 mM) in one portion at 7 d after inoculation, and then the culture was harvested by centrifugation after 14 d to obtain cells of the dinoflagellate (80 g as an average, wet weight). Extraction and isolation of amphidinolide B (1) from the harvested cells were carried out by the same procedure as described previously.
2) The 13 C-labeled amphidinolide B (1) was obtained in 0.0015% yield as an average from wet weight of the cells. C-NMR spectra were recorded in CDCl 3 solution. b) Intensity of each peak in the labeled 1 devided by that of the corresponding signal in the unlabeled 1, respectively, normalized to give a ratio of 1 for unenriched peak (C-8 for [1-
13 C]-acetate labeling and C-9 for [2- 
